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Figure 1. A Mechanism for the Recruitment and Ring Formation of Septins at the Polarity Site
A single patch of active Cdc42 forms at the plasma membrane (1), which in turn recruits a patch of septins (2). Exocytic vesicles coated with active Cdc42 are
targeted to this area (3) and dilute out septins from the inside of the patch (4 to 6). Septins then form a ring encircling the Cdc42 patch (7).
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PreviewsThemechanism of septin ring assembly
uncovered by Okada et al. (2013) is very
attractive because it fits well with the
asymmetries observed during the very
asymmetric division of budding yeast.
However, is thismechanismyeast specific
or can we envision similar situations in
other eukaryotes? There are at least
some very suggestive examples. Recent
work has highlighted the septin-depen-
dent compartmentalization of the primary
cilium, the sperm tail, or dendritic spines
(Caudron and Barral, 2009). These com-
partments insulate some signaling activ-
ities, such as the sonic hedgehogpathway
in the primary cilium (Hu et al., 2010). But
how polarity is established is still very116 Developmental Cell 26, July 29, 2013 ª2unclear in these cases. It is therefore
possible that the formation of such ap-
pendages depends on mechanisms very
similar to the interplay amongCdc42, sep-
tins, and exocytosis observed during the
specification of the bud in budding yeast.REFERENCES
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The endoplasmic reticulum (ER) Ca2+ sensor STIM1 recruits and activates the plasma membrane (PM) Ca2+
channel Orai1 at ER-PM junctions for store-operated Ca2+ entry (SOCE). Reporting in Nature, Sharma et al.
(2013) showed that septins are necessary for Orai1 recruitment and SOCE, implicating these scaffolding
proteins in signaling at ER-PM junctions.Store-operated Ca2+ entry (SOCE) is a
ubiquitous signaling pathway that con-
trols a range of cellular functions in
different cell types (Lewis, 2011). SOCE
is triggered by stimulation of diversecell-surface receptors that induce release
of Ca2+ from endoplasmic reticulum (ER)
Ca2+ stores. The depletion of ER Ca2+
subsequently leads to opening of Ca2+
channels in the plasma membrane (PM),resulting in Ca2+ influx from the extracel-
lular space into the cytosol. SOCE is
important to refill ER Ca2+ store after
depletion to prevent ER stress responses
and to enable repeated release of ER
Figure 1. Septins Regulate Orai1 Recruitment to STIM1 at ER-PM Junctions during SOCE
(A) Sharma et al. (2013) showed that septins regulate the recruitment of the PMCa2+ channel Orai1 to the ERmembrane protein STIM1 at ER-PM junctions, where
the ER is closely opposed to the PM, following ER Ca2+ store depletion. STIM1 directly interacts with Orai1 via a C-terminal domain in the cytosolic region. The
interaction between STIM1 and Orai1 results in Orai1 activation and Ca2+ entry into the cytosol. (B) In cells treated with small interfering RNA to deplete septins,
ER Ca2+ store depletion triggers STIM1 translocation to ER-PM junctions. However, the colocalization of Orai1 with STIM1 is significantly reduced, resulting in
decreased SOCE. Similar defects in Orai1 recruitment and SOCE are observed in cells treated with forchlorfenuron that hyperpolymerizes and stabilizes septin
filaments.
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PreviewsCa2+. In addition, SOCE can persistently
elevate cytosolic Ca2+ signals to activate
Ca2+ effectors, including the transcrip-
tion factor NFAT. Patients with defective
SOCE suffer severe combined immu-
nodeficiency, muscular dystrophy, and
other diseases (Feske, 2010).
Two key regulators of SOCE were iden-
tified to be a luminal ER Ca2+ sensor
STIM1 and a PMCa2+ channel Orai1 (Car-
rasco and Meyer, 2011). Overexpression
of STIM1 and Orai1 in the same cells re-
sults in a large amplification of SOCE,
indicating that STIM1 and Orai1 are the
two limiting components of SOCE. There
were initially two competing mechanisms
for the activation of STIM1, one based on
total internal reflection fluorescence
(TIRF) imaging of YFP-STIM1, which
showed that STIM1 senses ER luminal
Ca2+ and translocates within the ER to
specific sites where the ER membrane is
in close proximity to the PM but without
inserting into the PM (Liou et al., 2005),
and one based on the insertion of the
ER-localized STIM1 into the PM after ER
store depletion (Zhang et al., 2005).
Most recent data supported the first
model, arguing that a reduction in ER
Ca2+ levels causes Ca2+ dissociation
from the EF hand STIM1 Ca2+ binding
domain in the ER lumen, leading to
STIM1 oligomerization, STIM1 activation,
and STIM1 translocation to ER-PM junc-
tions in a process that involves binding
its C-terminal polybasic domain to PM
phosphoinositide lipids (Liou et al.,
2007). In addition, STIM1 oligomerization
exposes the Orai1-interacting SOAR/
CAD/ccb9 domain that is responsible forrecruiting Orai1 to ER-PM junctions
(Lewis, 2011). The same interaction
between STIM1 and Orai1 at ER-PM junc-
tions activates Orai1 and induces a local
Ca2+ influx into the cytosol.
SOCE is dependent on the existence of
ER-PM junctions because STIM1 is an ER
membrane protein that can only reach the
PM channel Orai1 at these junctions.
Thus, it is expected that molecules that
affect the number, size, gap distance,
and distribution of ER-PM junctions may
regulate SOCE (Lewis, 2011). ER-PM
junctions are sites where the ER is in close
proximity with the PM, allowing direct
interactions of molecules in the heter-
ologous membranes. We are only begin-
ning to understand how these evolution-
arily conserved subcellular structures are
formed and regulated. Two recent reports
showed that extended synaptotagmins
(E-Syts) and their yeast orthologs trical-
bins contribute to the formation and
maintenance of ER-PM junctions (Gior-
dano et al., 2013; Manford et al., 2012).
Interestingly, SOCE is not affected in
E-Syt-depleted HeLa cells even when
the amount of ER-PM junctions was
significantly reduced (Giordano et al.,
2013). Thus, at least in HeLa cells,
there is an excess of ER-PM junctions
enabling STIM1 and Orai1 to interact
even if the number of contacts is signifi-
cantly reduced. Nevertheless, regulation
of other structural aspects of ER-PM
junctions may still modulate SOCE.
The SOCE mediator STIM1 was inde-
pendently identified in focused RNA
interference (RNAi) screens for putative
human signaling proteins and putativeDevelopmental CeDrosophila ion channel proteins, while
Orai1 was identified in three independent
genome-wide Drosophila RNAi screens
(Carrasco and Meyer, 2011). The success
of these different RNAi screening strate-
gies was a motivation for the recent
work described in Nature from Sharma
et al. (2013), in which the authors per-
formed a human genome-wide SOCE
and NFAT signaling screen using an
NFAT1-GFP reporter that senses persis-
tent Ca2+ increases from SOCE. They
found that siSEPT, a pool of small
interfering RNA that knocked down the
expression of septin 4, septin 5, and
partially septin 2, was effective at blocking
nuclear translocation of NFAT1-GFP. Re-
expression of either septin 4 or septin 5
rescued the defect. Sharma et al. (2013)
further demonstrated that siSEPT treat-
ment resulted in a selective reduction of
SOCE, indicating that septins are neces-
sary regulators of SOCE. Although
STIM1 translocation to ER-PM junctions
was only partially affected by the loss of
septins, the subsequent recruitment of
Orai1 to ER-PM junctions was signifi-
cantly compromised in siSEPT-treated
cells (Figure 1). The defective SOCE in
siSEPT-treated cells could be rescued
by expressing a soluble STIM1 fragment
containing the Orai1-interacting domain,
suggesting that the SOCE defect is likely
a result of inefficient recruitment of
Orai1 to STIM1 at ER-PM junctions.
Finally, the authors observed a relocaliza-
tion of septin 4 at the PM after ER Ca2+
store depletion.
How do septins regulate Orai1 distribu-
tion in the PM? Septins are a family ofll 26, July 29, 2013 ª2013 Elsevier Inc. 117
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PreviewsGTP-binding proteins that form hetero-
oligomeric complexes that can further
assemble into higher-order structures
such as filaments and rings (Mostowy
and Cossart, 2012). Septins can create
lateral diffusion barriers for membrane
compartmentalization, as has been
shown at the base of cilia and at the
midbody during cytokinesis. Although a
complete mechanistic explanation is still
missing, Sharma et al. (2013) now pro-
pose a new functional role of septins.
They observed that septin 4 relocalizes
to the PM and thereby promotes interac-
tion of Orai1 with ER-PM junction-local-
ized STIM1 following ER Ca2+ store
depletion. They proposed that the effects
of septin 4may bemediated by its binding
to phosphatidylinositol (4,5)-bisphos-
phate (PIP2) at the PM. As potential
mechanisms, it is plausible that septins
directly or indirectly put Orai1 in a state
in which it can freely diffuse within the
PM to bind STIM1 at ER-PM junctions
following ER Ca2+ store depletion. Addi-
tionally, rearrangement of septin filaments
around ER-PM junctions during SOCE118 Developmental Cell 26, July 29, 2013 ª2may stabilize the formation of STIM1-
Orai1 complexes. Nevertheless, alterna-
tive, more indirect effects may also need
to be considered. It has for example
been shown that SOCE and Ca2+ in-
creases enhance cell adhesion, which
can bring the PM closer to the adhesion
surface. The enhanced cell adhesion
may in turn increase TIRF signals from
fluorescently tagged septins or PIP2 sen-
sors in selected regions of the cell, poten-
tially explaining some of the apparent
recruitment data. Although the presented
data are intriguing, more mechanistic
data will be needed to understand how
septins contribute to signaling at ER-PM
junctions.
In conclusion, Sharma et al. (2013)
provide a genome-wide data set of
putative regulators of SOCE and NFAT
nuclear translocation and identify septins
as new regulators of SOCE that promote
efficient interactions of Orai1 with STIM1.
These findings add an interesting struc-
tural and regulatory protein to the known
players controlling signaling at ER-PM
junctions.013 Elsevier Inc.REFERENCES
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Midzone microtubules keep chromosomes apart after segregation and provide a platform for cytokinesis
factors. Reporting recently in Cell, Subramanian et al. (2013) describe how the motor protein kinesin-4 and
the microtubule-associated protein PRC1 work together to mark microtubule ends for incorporation into
the midzone in a length-dependent manner.During cell division, the shape and
dynamic properties of the microtubule
cytoskeleton undergo a number of re-
markable transitions. One of these is the
transition of highly dynamic, metaphase
spindle microtubules into relatively stable,
midzone microtubules in anaphase.
These overlapping, antiparallel midzone
microtubules form a platform for other
midzone proteins and cytokinesis factors(Eggert et al., 2006). We now know that
midzone microtubule formation is deter-
mined by the combined action of microtu-
bule bundling proteins and kinesin motor
proteins (Janson et al., 2007), and PRC1
(Protein Required for Cytokinesis-1) and
kinesin-4 have emerged as key players
in human cells (Kurasawa et al., 2004;
Bieling et al., 2010). PRC1 is a homodimer
that localizes to the midzone (Mollinariet al., 2002), where it crosslinks antipar-
allel microtubules. The localization of
PRC1 depends on the activity of kinesin-4
(Zhu and Jiang, 2005), a plus-end-
directed motor protein that inhibits micro-
tubule dynamics (Bringmann et al., 2004).
An open question is how PRC1 and kine-
sin-4 target a subset of biochemically
identical spindlemicrotubules and specify
their fate as midzone microtubules.
